Abstract
METHODS
In this study, we included 125 individuals with GC diagnosis, 66 individuals with CRC diagnosis and 475 cancer-free individuals. All participants resided in the North region of Brazil and authorized the use of their samples. The 12 polymorphisms (in CASP8 , CYP2E1 ,  CYP19A1 , IL1A , IL4 , MDM2 , NFKB1 , PAR1 , TP53 , TYMS ,  UGT1A1 and XRCC1 genes) were genotyped in a single PCR for each individual, followed by fragment analysis. To avoid misinterpretation due to population substructure, we applied a previously developed set of 61 ancestryinformative markers that can also be genotyped by multiplex PCR. The statistical analyses were performed in Structure v.2.3.4, R environment and SPSS v.20.
RESULTS
After statistical analyses with the control of confounding factors, such as genetic ancestry, three markers (rs79071878 in IL4 , rs3730485 in MDM2 and rs28362491 in NFKB1 ) were positively associated with the development of GC. One of these markers (rs28362491) and the marker in the UGT1A1 gene (rs8175347) were positively associated with the development of CRC. Therefore, we investigated whether the joint presence of the deleterious alleles of each marker could affect the development of cancer and we obtained positive results in all analyses. Carriers of the combination of alleles RP1 + DEL (rs79071878 and rs28361491, respectively) are at 10-times greater risk of developing GC than carriers of other combinations. Similarly, carriers of the combination of DEL + RARE (rs283628 and rs8175347) are at about 12-times greater risk of developing CRC than carriers of other combinations.
INTRODUCTION
Cancer is one of the main causes of death worldwide [1] . In Brazil, it is considered a severe problem of public health, and in the North region of this country gastric cancer (GC) and colorectal cancer (CRC) are among the three most incident and aggressive types of cancer [2] . Carcinogenesis is a multifactorial process. Gastritis and colitis have been related to the development of GC [3, 4] and CRC [5, 6] , respectively, but they are not determinant. Infection by Helicobacter pylori, one of the most common human infectious agents, is also very important for the development of gastritis and GC [7] . However, it should not be considered the only cause for development of this type of cancer [8] . Genetics also play a major role in the carcinogenesis, and there is much to be discovered regarding this subject.
Genes involved in important pathways, such as inflammatory processes, metabolism of carcinogens, cell stability and hormonal pathways, are possible susceptibility factors to cancer [9] [10] [11] [12] [13] [14] . Alterations in these genes may generate imbalances in such pathways and trigger tumor development. In this study, we investigated the following 12 polymorphisms of important genes of these pathways:
These genes and polymorphisms have been studied in association with various types of cancer in different populations, e.g, breast cancer [15] [16] [17] [18] [19] , bladder cancer [20] , endometrial cancer [21] , acute lymphoblastic leukemia [22] , chronic lymphoblastic leukemia [23] , oral carcinoma [24, 25] , lung cancer [26] , nasopharyngeal cancer [27] , thyroid cancer [28] , hepatocellular carcinoma [29] , GC [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] and CRC [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] . Therefore, these markers were chosen based on the importance of each gene as a potential influencing factor in the susceptibility of tumor development. All are functional polymorphisms that correspond to insertion/ deletion (INDEL) of small DNA fragments and can be analyzed in a single multiplex PCR, which makes it a cheap and accessible methodology that could be used in different laboratories worldwide.
Thus, the aim of this work was to investigate the association between 12 polymorphisms in genes related to pathways of immune/inflammatory response (CYP2E1, CYP19A1, IL1A, IL4, NFKB1 and PAR1) and cellular or genomic stability (CASP8, MDM2, TP53, TYMS, UGT1A1 and XRCC1) and the development of GC and CRC in a population in Northern Brazil. In addition, we investigated the influence of genetic ancestry in the development of these types of cancer in the studied population.
MATERIALS AND METHODS

Samples
In this study, we included three groups: (1) 125 individuals with GC diagnosis; (2) 66 individuals with CRC diagnosis; and (3) 475 cancer-free individuals that were considered the control group. The cancer-free individuals did not have personal or familial histories of any kind of cancer and they did not show any symptoms or signs of cancer. All participants resided in Belém, which is a city located in the Northern region of Brazil, and signed an informed consent, with approval by the Committee for Research Ethics of Hospital João de Barros Barreto under Protocol No. CAAE 25865714.6.0000.0017.
DNA Extraction and Quantification
Samples of peripheral blood were collected from all individuals of the study and the DNA extraction was performed accordingly [51] . DNA quantification was performed with NanoDrop 1000 spectrophotometer (Thermo Scientific, Wilmington, DE, United States).
Genotyping
Samples were then submitted to multiplex PCR and fragment analysis in an ABI PRISM 3130 Genetic Analyzer (Applied Biosystems, Foster City, CA, United
States) according to the protocol described [22] . Technical characteristics of the studied markers are presented in Table 1 . Due to the high level of genetic admixture in the studied population, we applied a panel of 61 ancestryinformative markers to avoid misinterpretations caused by population substructure, as described [52, 53] .
Statistical Analyses
Statistical analyses were conducted with different programs. Ancestry analyses were performed in Structure v.2.3.4 [54] , and tests concerning the genotyping analyses (Student's t-test, Pearson's χ 2 test, MannWhitney test and logistic regression) were performed in R [55] and in SPSS v.20.0 (IBM Corp., Armonk, NY, United
States). The genotype distribution was assessed as established by Hardy-Weinberg equilibrium (HWE), with post-test correction by the Bonferroni method for multiple tests. P-value ≤ 0.05 was considered statistically significant.
RESULTS
All population distributions were according to HWE (P > 0.004) for the analyzed polymorphisms, with the exception of the IL4 marker in the control group. The observed deviation seems to be due to a significant increase of heterozygotes in this population (P = 0.0003).
We also investigated the possible confounding factors of age, sex and genetic ancestry. Table 2 shows these results. When considered statistically significant in the comparison between groups (GC patients vs in homozygosis (RP1 allele of rs79071878, INS allele of rs3730485, DEL allele of rs28362491 and *36 and *37 alleles in rs8175347) may affect the development of GC and CRC. After controlling for the confounding factors, we obtained statistically significant results for both GC (P = 0.004311) and CRC (P = 3.52 × 10 
DISCUSSION
In the HWE analysis for the IL4 marker in the control group, the large amount of heterozygotes could be explained either by selective advantage of the heterozygote or by an intense or continuous process of admixture between populations with different genetic backgrounds. Allele frequencies for this marker vary greatly between the three main populations that contributed to the formation of the Brazilian population; the frequency of the RP2 allele has been described as 0.74 among Europeans, 0.23 among Amerindians and 0.42 among Africans [56] . Due to the recent formation of the Brazilian population, we believe that the admixture process is more fitted to explain the observed disequilibrium.
In the analysis for GC, we observed a positive association between the IL4 marker (rs79071878) and the development of this type of cancer. This polymorphism is a 70-bp variable number tandem repeat located in an intron of IL4, which is an interleukin involved in inflammatory pathways. We did not find other studies relating to this polymorphism and GC, but the increased risk of the development of bladder cancer among the carriers of RP1 allele has been previously described [14, 57] . Recently, we reported cancer-free individuals, and CRC patients vs cancerfree individuals; P ≤ 0.05), such characteristics were controlled in the logistic regression that assessed whether there are significant differences in the following tests: (1) In the analyses with GC patients, positive associations were observed for the markers rs79071878 (IL4 gene), rs3730485 (MDM2 gene) and rs28362491 (NFKB1 gene) after correction of confounding factors for this group (sex and European ancestry) ( Table 3) . In the analyses with CRC patients, markers rs28362491 (NFKB1 gene) and rs8175347 (UGT1A1 gene) showed positive association after the correction of confounding factors (European and African ancestries) (Table 4 ). Similar to the result for GC, carriers of the DEL/DEL genotype for rs28362491 should present more chances of developing CRC in comparison to carriers of other genotypes (P = 0.006; OR = 3.732; 95%CI: 1.451-9.599). For rs8175347, which has multiple alleles (*1, *28, *36 and *37), our results show that 8% of the CRC patients and 0.6% of the cancer-free individuals carry at least one of the rare alleles (*36 and *37). Comparing both groups, we observed that such allele presence could lead to almost 13-fold increased chances of developing CRC (P = 0.001; OR = 12.849; 95%CI: 2.906-56.817).
In addition, we analyzed whether the joint presence of the alleles that were statistically significant when that the frequency of the RP1 allele of rs79071878 is higher in the North of Brazil (0.414) than in the other regions of the country (mean = 0.233), probably due to the elevated frequency of this marker in Amerindian populations [56] . Data have revealed that the highest incidence of GC in Brazil occurs in the North region. The apparent overlap between the greater incidence of GC and the elevated frequency of RP1 (rs78071878) in the North region of Brazil seems to corroborate the results that indicate that the carriers of homozygous RP1 allele have greater chances of developing GC than the carriers of other genotypes, possibly due to the close relation of this type of cancer with increased inflammation. More studies involving this polymorphism in different admixed populations in this country are recommended.
As for the polymorphism in the MDM2 gene (rs3730485), we observed that the carriers of INS/ INS genotype have less chances of developing GC than carriers of the other genotypes of this marker. To the best of our knowledge, there are no other studies reporting the positive association of this polymorphism and GC development, but the DEL allele has been shown to be associated with increased risk of developing various types of cancer, e.g, hepatocellular carcinoma [29] , breast cancer [58] , prostate cancer [59] and colon cancer [60] in different populations. MDM2 is an oncogene responsible for the regulation of TP53 expression [61] . The INS allele of rs3730485 may reduce the activity of MDM2, possibly increasing the activity of the tumor suppressor TP53 and then reducing the chances of developing cancer.
In the current study, we observed an association of the DEL/DEL genotype of the polymorphism in NFKB1 (rs28362491) with increased chances of developing both GC and CRC. This is an INDEL polymorphism that is located in the promoter region of the gene, which is highly involved in inflammatory pathways. The DEL/DEL genotype has been previously associated with an increased risk of developing GC in a Japanese population [37] and bladder cancer in a Chinese population [62] . In addition, the DEL allele of this polymorphism has been related to the development of ulcerative colitis and H. pylori infection [63, 64] , which can increase the risk of CRC and GC. Regarding the INS/INS genotype, it has been associated with decreased development risk of ovarian cancer [65] and with increased risk of developing melanoma [66] , while the DEL/DEL genotype has also been associated with reduced risk of developing other types of cancer [67] . Previous studies have suggested that the effects of rs28362491 on the risk of carcinogenesis may be ethnic-and cancer type-specific, as described by two meta-analyses involving Asian and Caucasian populations [68, 69] . The UGT1A1 gene is involved in hepatic detoxification and metabolization of different substances. The studied marker in this gene (rs8175347) has four possible alleles [*36 (5 repeats), *1 (6 repeats), *28 (7 repeats) and *37 (8 repeats)]. Allele *1 is considered the wild-type and the most common allele, *28 is the second most common allele and *36 and *37 are considered rare alleles. In this study, we observed that the presence of at least one of the rare alleles of this polymorphism appears to increase the chances of developing CRC by 13-times. In the literature, some studies show that alleles *36 and *37 are absent or extremely rare in different populations [70, 71] , but there are no studies relating the association of these alleles with the development of CRC. Although little is known about *36 and *37 alleles, it is possible that the presence of such alleles could lead to a decreased activity of the UGT1A1 gene, inducing the carcinogenesis process. We understand that the sample size of CRC patients may have influenced the observed result in this study, but we believe that our findings indicate the need to expand the investigation to a great number of patients from other Brazilian admixed populations, considering the important increase rate we observed. In addition, we investigated the joint presence of the alleles that were statistically significant in homozygosis in the analyses discussed above. This is important because the interaction of alleles in different loci could lead to an increased effect in the carcinogenesis. Recently, this kind of additive effect has been reported for multiple types of cancer in different populations [72, 74] , but there is a lack of this type of study involving GC and CRC in the Brazilian population. To the best of our knowledge, this is the first study using this approach for these types of cancer in a Brazilian population.
The analyses of combined effect showed statistical significance for both types of cancer, presenting some interesting results. Among these, it is notable that: (1) individuals carrying both RP1 (IL4 marker) and DEL (NFKB1 marker) alleles have more than 10-fold increased chances of developing GC than carriers of the other alleles; and (2) individuals carrying the DEL allele (NFKB1 marker) and at least one of the rare alleles *36 and *37 (UGT1A1 marker) have almost 12-fold increased chances of developing CRC than carriers of other alleles of these markers. These results reinforce the importance of knowing which markers may play a role in cancer development.
In conclusion, we investigated 12 polymorphisms in genes with functions in inflammatory pathways, immune response or cellular and genomic stability (i.e. CASP8, CYP2E1, CYP19A1, IL1A, IL4, MDM2, NFKB1, PAR1, TP53, TYMS, UGT1A1 and XRCC1) regarding the development of GC and CRC. Our findings indicate that some of these markers may be related to the development of GC and CRC. Moreover, the interaction between such polymorphisms may increase the risk of developing these types of cancer. These results contribute to a greater knowledge of possible risk factors in the development of GC and CRC.
ARTICLE HIGHLIGHTS
Research background
Our research group, located in the North region of Brazil, has been working with population genetics for many years. More recently, we have designed a set of 12 markers that are able to be genotyped in a single multiplex PCR and capillary electrophoresis, which is faster than Sanger sequencing and cheaper than real-time PCR. All markers in this set are in genes related to different pathways (e.g. inflammatory and immune response, and cellular and genomic stability). We have previously investigated not only the association of this set with the development of different diseases (i.e. acute lymphoblastic leukemia and leprosy), but also the distribution of these markers in individuals from the five regions of Brazil (North, Northeast, Midwest, Southeast and South) and in individuals representative of the main parental populations of this country 
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(Europeans, Africans and Native Americans). However, we believe it also is important to investigate the association of this set with the development of other types of cancer, such as gastric cancer (GC) and colorectal cancer (CRC).
Research motivation
GC and CRC are two of the most incident and aggressive types of malignant neoplasms in Brazil. A notable aspect of the Brazilian population is that it is highly admixed and, then, it is important not to extrapolate results from one region to another. For instance, these types of cancer are particularly frequent in the North region of Brazil. In general, most cases of GC and CRC are diagnosed in advanced stages and the death rate related to these types of cancer is high. To help early diagnosis, many research groups worldwide have been working to identify biomarkers able to detect increased risk of developing such types of cancer. Considering the high incidence of GC and CRC in the North region, we believe that it is important to study such neoplasms in this region.
Research objectives
In this study, we analyzed the association of 12 polymorphisms in genes involved in inflammatory pathways, immune response or cellular and genomic stability (namely, CASP8, CYP2E1, CYP19A1, IL1A, IL4, MDM2, NFKB1, PAR1, TP53, TYMS, UGT1A1 and XRCC1) regarding GC and CRC development in a population from the North region of Brazil. Understanding the distribution of these markers in the studied population helps to improve the knowledge of the different factors that lead to cancer development.
Research methods
We collected blood samples from the participants (125 GC patients, 66 CRC patients and 475 cancer-free individuals), from which we extracted the DNA using a phenol-chloroform-based method. The studied 12-polymorphism set can be genotyped through amplification in a single multiplex PCR, followed by capillary electrophoresis. The different statistical analyses were performed in Structure v.2.3.4 and SPSS v.20 programs, and the R language. We analyzed the allelic and genotypic distribution of these markers, as well as the combined effect of the statistically significant alleles. The latter approach is not a common approach for studying GC and CRC. In fact, to the best of our knowledge, this is the first study using this kind of approach for these types of cancer in the Brazilian population. It gave us interesting results.
Research results
After performing the statistical analyses with correction of confounding factors, we observed positive associations between the markers rs79071878 (IL4 gene), rs3730485 (MDM2 gene) and rs28362491 (NFKB1 gene) and GC development, as well as between the markers rs28362491 (NFKB1 gene) and rs8175347 (UGT1A1 gene) and CRC development. When we analyzed the combined effect of the alleles of the statistically significant genotypes of each marker (RP1 allele of rs79071878, INS allele of rs3730485, DEL allele of rs28362491 and *36 and *37 alleles in rs8175347), we obtained statistically significant results for both types of cancer. From these results, we highlight that:
(1) individuals carrying both RP1 (IL4 marker) and DEL (NFKB1 marker) alleles have more than 10-fold increased chances of developing GC than carriers of the other alleles; and (2) individuals carrying the DEL allele (NFKB1 marker) and at least one of the rare alleles *36 and *37 (UGT1A1 marker) have almost 12-fold increased chances of developing CRC than carriers of other alleles of these markers. Our results reinforce the importance of knowing the role that different markers play in the development of cancer, which may contribute to the early detection of GC and CRC.
Research conclusions
In this study, we observed that the individual or joint presence of some alleles of the 12 polymorphisms of the set may affect the development of GC (RP1 allele of rs79071878, INS allele of rs3730485 and DEL allele of rs28362491) and/or CRC (DEL allele of rs28362491 and *36 and *37 alleles in rs8175347) in a population from the North region of Brazil. To the best of our knowledge, this is the first time it has been reported, and it supports the notion that more attention should be given to these polymorphisms in relation to the development of GC and CRC. Considering the results we obtained, we recommend that the individual and the joint presence of these markers should be further investigated in the other regions of Brazil, due to the high levels of admixture in this country, and in other types of cancer.
Research perspectives
Although there have been many advances in the complex field of oncogenetics, there is still a lot remaining to be discovered. The present study investigated 12 polymorphisms, some of them not frequently studied, and showed statistically significant association between four of these markers and the development of GC and CRC in a population from the North region of Brazil. It shows the importance of studying different polymorphisms in important genes, some of which may be involved not only in the development of GC and CRC but also of other types of malignant neoplasms. In addition, our study reinforces the notion of investigating different types of cancer in genetically admixed populations, such as the Brazilian population.
